Spontaneous hemangiomas and hemangiosarcomas may arise in any organs but are often found in the spleen, kidney, subcutaneous tissue and liver in rats^[@r1],[@r2],[@r3]^. The Incidence of hemangiosarcoma in Sprague-Dawley rats ranges from 0.1% to 1.4%, with a mean age at occurrence of 91--104 weeks, and there are no reports among historical control data of occurrence in relatively young animals^[@r4],[@r5],[@r6]^. While hemangiomas are easily distinguished by their tendency to form vascular cavities, histopathological diagnosis of hemangiosarcomas can be difficult without the aid of immunohistochemical techniques, as the tumor's appearance may resemble those of other soft tissue tumors. Here, we describe a case of hemangiosarcoma that occurred spontaneously in a young Sprague-Dawley rat and document the histopathological, immunohistochemical and ultrastructural features of the tumor.

###### Immunohistochemistry Antibodies
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The animal was a nine-week-old male Sprague-Dawley rat Crj:CD (SD) rat purchased from Charles River Laboratories Japan, Inc. (Kanagawa, Japan) for use in a toxicity study. It was housed in a wire mesh cage under controlled conditions (temperature, 23 ± 3°C; relative humidity, 50% ± 20%, 12-h light/dark cycle) and given *ad libitium* access to CRF-1 diet (Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water. The animal was handled in accordance with the Guidelines for Animal Experimentation issued by Astellas Pharma Inc., which are based on the guidelines for animal experimentation issued by the Japanese Association for Laboratory Animal Science. No abnormalities were observed in body weight change, food consumption, clinical signs during the study period or hematology or blood chemistry at the end of treatment, and the animal's final body weight was 374 g. At necropsy, two white masses 12×15×15 mm and 7×7×10 mm in size were observed in the spleen, and multiple small white nodules of varying size (3×3×3 mm at largest) were noted in the liver. The spleen with masses was enlarged, and its absolute and relative weights were 5.8 g and 1.8 g%, respectively, values which deviated substantially from the laboratory's background values (0.55 g and 0.18 g%, respectively). The masses in the spleen were firm in consistency and poorly circumscribed, with multiple red patches on the surface. No abnormalities were noted in any other organs or tissues.

![H&E staining. The tumor replaces most of the normal splenic tissue and is locally invasive without encapsulation (scale bar = 500 μm).](tox-25-273-g001){#fig_001}

![H&E staining. The mass contains spindle- to oval-shaped cells with scanty stroma and an abortive effort to form vascular structures (scale bar = 200 μm).](tox-25-273-g002){#fig_002}

![Watanabe's silver impregnation staining of the mass. Thin and branched reticular fibers can be observed around vascular spaces as well as around tumor cells arranged in cords and bundles (scale bar = 200 μm).](tox-25-273-g003){#fig_003}

The spleen and liver with the masses, as well as the other organs and tissues, were fixed in phosphate-buffered 10% formalin and then embedded in paraffin and sectioned, at which point they were then subjected to hematoxylin and eosin (H&E) staining for microscopic examination. Sections from the masses were additionally subjected to Masson's trichrome staining and Watanabe's silver impregnation staining. Immunohistochemical examination using the EnVision method was conducted with the antibodies described in [Table 1](#tbl_001){ref-type="table"} (EnVision method: staining performed with an EnVision kit \[Dako Cytomation, Carpinteria, CA, U.S.A.\], detection with EnVision+ \[Dako Cytomation\], chromogen with 3,3'-diaminobenzidine \[Muto Pure Chemicals Co. Ltd., Tokyo, Japan\]). For electron microscopic examination, pieces of the formalin-fixed mass obtained from the spleen were immersed in phosphate-buffered 2.5% glutaraldehyde and 2% paraformaldehyde for 1 day and then in 1% osmium tetraoxide for 1 h. The tissue samples were embedded in epoxy resin, and ultrathin sections were mounted on Cu/Rh grids, stained with uranyl acetate and lead citrate and observed under a transmission electron microscope (H-600; Hitachi High-Technologies Corp., Tokyo, Japan).

![Immunohistochemistry for vimentin. Tumor cells with atypia are positive for vimentin in the area where neoplastic cells show frequent mitosis and pleomorphism (scale bar = 100 μm).](tox-25-273-g004){#fig_004}

![Immunohistochemistry for vWF. vWF is identified granularly in the cytoplasm of tumor cells (scale bar = 100 μm).](tox-25-273-g005){#fig_005}

![Immunohistochemistry for CD34. CD34 is identified granularly in the cytoplasm of tumor cells (scale bar = 100 μm).](tox-25-273-g006){#fig_006}

Histopathologically, the tumors replaced most of the normal splenic tissue and were locally invasive without encapsulation. The masses in the spleen were composed of spindle- to oval-shaped cells with basophilic cytoplasm and large, atypical nuclei showing pleomorphism with prominent nucleoli and many mitosis figures ([Fig.1](#fig_001){ref-type="fig"} and [Fig. 2](#fig_002){ref-type="fig"}). While the tumor masses consisted primarily of solid areas with portions showing whorls or faint alveolar patterns, the structure of the tumor cells resembled vascular spaces containing erythrocytes. Thin and brunched reticular fibers were seen around vascular spaces within the tumor, occasionally surrounding tumor cells forming cords and bundles as observed on Masson's trichrome staining and Watanabe's silver impregnation staining ([Fig. 3](#fig_003){ref-type="fig"}). The tumor cells in the liver showed histological patterns similar to those in the spleen and were primarily located near the periportal spaces, although some had infiltrated into the adjacent parenchyma, leading to loss of hepatocytes. Venous tumor embolisms were occasionally seen in the hepatic veins and the sinusoids. Metastases were found in the sinusoids of the adrenal medulla and the pancreatic lymph node.

![Electron microscopy of the mass. Weibel-Palade bodies, characterized by a single membrane and dense interior with rod-shaped profiles, can be found in the cytoplasm of tumor cells (scale bar = 500 nm).](tox-25-273-g007){#fig_007}

Most of the tumor cells were strongly positive for vimentin ([Fig. 4](#fig_004){ref-type="fig"}) and negative for cytokeratin. vWF and CD34, both vascular endothelial markers, were identified granularly in tumor cells not only in vascular structures but also in the solid components ([Fig. 5](#fig_005){ref-type="fig"} and [Fig. 6](#fig_006){ref-type="fig"}), while podoplanin, a lymphatic endothelial marker, was not detected in the cells at all. Further, the tumor cells were negative for antibodies against desmin, caldesmon, α-smooth muscle actin, S-100, chromogranin A and CD68/CD163, allowing us to rule out the presence of other soft tissue tumors. The tumor cells also showed a high PCNA labeling index.

Electron microscopic examination showed that the tumor cells contained small populations of mitochondria, a rough endoplasmic reticulum, and tight junctions with neighboring cells. The nuclei were oval to slightly irregular in shape, with prominent peripheral heterochromatin, and several cells contained inconspicuous nucleoli. Weibel-Palade bodies characterized by a single membrane and dense interior with rod-shaped profiles were also occasionally detected. The Weibel-Palade bodies were aligned parallel to the edge of the cells and showed longitudinal striation ([Fig. 7](#fig_007){ref-type="fig"}).

The present case involved a soft tissue tumor in which the cell of origin was difficult to determine by routine histopathological examination, as the tumor consisted of a dense sheet of pleomorphic cells frequently observed in undifferentiated tumors. Use of antibodies specific for endothelium cells, such as vWF and CD34, and positive results for vimentin indicated the tumor to be of endothelial origin but did not allow for differentiation between hemangiosarcoma and lymphangiosarcoma, as both tumors express these endothelial markers and show similar histopathologic characteristics. Podoplanin is a specific marker for the lymphatic endothelium that can be used to distinguish lymphangiosarcoma from hemangiosarcoma^[@r7]^; given that the tumor was immunohistochemically negative for podoplanin, we were able to rule out lymphangiosarcoma. The presence of Weibel-Palade bodies on electron microscopy further supported our diagnosis of hemangiosarcoma^[@r8],[@r9]^, as these structures are typically found in large numbers in arteriolar endothelial cells and are generally believed to be absent in lymphatics^[@r10]^.

Hemangiosarcomas in rats may occur in the spleen, kidney, subcutaneous tissue and liver, but are found most frequently in the spleen^[@r1],[@r2],[@r3],[@r4]^, often subsequently metastasizing to other abdominal organs^[@r11]^. In the present case, the splenic masses were larger than the hepatic ones, with tumor cells mainly observed at periportal regions with tumor embolism in the liver, suggesting that primary hemangiosarcoma initially developed in the spleen before metastasizing.

Several previous two-year-long oncogenicity or lifespan studies in Sprague-Dawley rats have reported that spontaneous hemangiosarcoma occurred in 5 of 1420 animals (incidence rate: 0.4%)^[@r4]^, 1 of 70 animals (1.4%)^[@r5]^ and 1 of 880 animals (0.1%)^[@r6]^, with no clear sex differences in tumor incidence reported. Spontaneous hemangiosarcomas are typically observed in rats aged more than 91 weeks^[@r4]^, with one study observing the tumor in younger animals following induction by Polyomavirus injection into the central nervous system of Wistar/Furth rats during the neonatal period, leading to hemangiosarcoma development from 14 to 29 days after birth (incidence: 100%)^[@r12]^. However, the spontaneous hemangiosarcoma discussed in the present report was found in a 9-week-old rat, a much younger age than that noted in previous reports. Therefore, we felt the need to report this rare case of hemangiosarcoma occurring spontaneously in a young SD rat.
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